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(54) Device for operating a high pressure discharge lamp 



(57) Alternating current with rectangular waves is 
supplied from an operating device to an ultra-high pres- 
sure discharge lamp in which located within a silica 
glass discharge vessel is a pair of opposed electrodes 
separated by a distance of less than or equal to 1 .5 mm. 
A discharge vessel is filled with greater than or equal to 
0.15 mg/mm3 mercury and bromine in the range of 10^ 



^mol/mm^ to 10-2 ^mol/mm^. In the operating device, a 
multiplication device computes the discharge wattage 
supplied to the discharge lamp and controlled so that in 
the case of a reduction of the operating voltage of the 
discharge lamp the discharge wattage is reduced, and 
that in the case of an Increase of the operating voltage 
of the discharge lamp the discharge wattage is in- 
creased. 



Fig, 2 
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Description 

Background of the Invention 

Field of the Invention 

[0001] The invention relates generally to a device for 
operating a high pressure discharge lamp. The inven- 
tion relates more specifically to an ultra-high pressure 
AC discharge lamp in which an arc tube is filled with 
greater than or equal to 0.1 5 mg/mm^ mercury, in which 
the mercury vapor pressure during operation is greater 
than or equal to 110 atm, and that can be used as a 
projection light source for a projection type projection 
device or the like. 

Description of the Related Art 

[0002] In projection-type projector devices there is a 
significant demand to be able to illuminate images onto 
a rectangular screen In a uniform manner and with ad- 
equate color rendering. The light source is a metal hal- 
ide lamp filled with mercury and a metal halide. As the 
projection devices have developed, the size of metal 
halide lamps has decreased and more light sources 
have been produced employing extremely small dis- 
tances between the electrodes. 
[0003] Recently, instead of metal halide lamps, high- 
pressure discharge lamps with an extremely high mer- 
cury vapor pressure, for example with greater than or 
equal to 200 bar (197 atm), have been used. By using 
high-pressure discharge lamps, the broadening of the 
arc is suppressed by Increased mercury vapor pressure, 
and the arc is compressed and a great increase of light 
intensity results. 

[0004] Recently, there has been a focus on smaller 
and smaller projector devices. In the discharge lamp for 
the above-described projector device, on the one hand, 
there has been a demand for high light intensity and the 
ability to maintain illuminance. On the other hand, due 
to the reduction in size of the projector device, there is 
also a demand for smaller discharge lamps. Therefore, 
smaller devices and smaller power sources are being 
used. Thus, a reduction In the voltage during starting (i. 
e.. a property to facilitate starting) is expected. 
[0005] For the above-described lamp, for example, an 
ultra-high pressure discharge lamp is used. Located in 
a silica glass arc-tube is a pair of electrodes a distance 
of less than or equal to 2 mm apart. The arc-tube is filled 
with greater than or equal to 0.15 mg/mm^ mercury, rare 
gas and halogen in the range from 1x10-^ jimole/mm^ 
to 1 x 10-2 ^mole/mm^ (for example, see U.S. Patent 
No. 5,109.181 (corresponding to JP-A-2-148561) and 
U.S. Patent No. 5,497.049 (corresponding to Japanese 
patent specification 2980822)). One such discharge 
lamp and the operating device for it are disclosed, for 
example. In U.S. Patent No. 6,545,430 (corresponding 
to JP-A-2001-312997). 



[0006] In the high pressure discharge lamp disclosed 
in U.S. Patent No. 6.545.430 B2, at a mercury vapor 
pressure within the tube of 1 5 MPa to 35 MPa in steady- 
state operation, the arc tube is filled with a halogen ma- 

5 terial in the range from 1 x 10-^ ^moI/mm3 to 1 x 10-^ 
(imol/mm^. Placing a pair of electrodes within the arc 
tube and placing a projection in the vicinity of the middle 
of the electrode tip area suppresses the arc jump phe- 
nomenon. An AC voltage is applied by an operating de- 

10 vice which consists of a DC/DC converter, a DC/AC in- 
verter and a high voltage generation device between the 
pair of electrodes. 

[0007] In such an ultra-high pressure discharge lamp, 
the phenomenon that occurs on the tips of the opposed 

15 tungsten electrodes in the arc tube is that, during oper- 
ation, projections are formed and grow. These projec- 
tions arise and grow dramatically especially if AC oper- 
ation Is carried out with a distance between the elec- 
trodes of less than or equal to 1.5 mm, an amount of 

20 mercury of greater than or equal to 0.15 mg/mm^ and 
an amount of halogen (e.g., bromine or the like) of 10^ 
nmol/mm^ to 1 0*2 ^mol/mm^. The phenomenon in which 
the projections are formed on the electrode tips cannot 
always be unambiguously explained, but the following 

25 can be assumed. 

[0008] In one such discharge lamp, the arc tube is 
filled with a halogen gas. The main objective is to pre- 
vent devitrification of the arc tube. The halogen gas also 
yields the so-called halogen cycle. The tungsten, which 

30 during lamp operation is vaporized from the area with a 
high temperature in the vicinity of the electrode tip, re- 
acts with the halogen and the remaining oxygen which 
is present within the arc tube, and a tungsten compound 
is formed such as WBr, WBr2, WO, WO2. WOzBr, 

35 W02Br2 or the like, if, for example, the halogen is Br. 
These compounds decompose in the area with a high 
temperature In the gaseous phase In the vicinity of the 
electrode tip, and become tungsten atoms or cations. 
The tungsten atoms are transported by thermal diffusion 

40 (diffusion of the tungsten atoms from the high tempera- 
ture region in the gaseous phase, (i.e., from the arc) to 
the low temperature region, (i.e., the vicinity of the elec- 
trode tip)) and in the arc, become cations and, during 
operation of the cathode, are pulled by the electrical field 

45 In the direction to the cathode (drift). In this way, the den- 
sity of the tungsten vapor in the gaseous phase in the 
vicinity of the electrode tip is increased and is precipi- 
tated on the electrode tip, thereby forming projections. 
[0009] These projections have the effect that they can 

50 prevent the arc jump. If, In the course of continued op- 
eration of the lamp, the projections grow, the disadvan- 
tage arises that the distance between the electrodes is 
reduced, the position of the arc radiance spot is changed 
and that the light intensity is reduced. 

55 [0010] In the above-described U.S. Patent No. 
6,545,430 B2 it Is shown that by the fomnation of the 
projection, the lamp voltage fluctuates (decreases). Fur- 
thermore, it is disclosed that in the case of a change in 
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the lamp voltage (i.e., the distance between the elec- 
trodes) by the formation of the projection by controlling 
the amount of current flowing between the two elec- 
trodes and by switching the first frequency of the oper- 
ation frequency to a second frequency, the fluctuation 
of the lamp voltage by the formation of the projection is 
corrected. 

[001 1] For example, with respect to the amount of cur- 
rent flowing between the two above-described elec- 
trodes, the following is shown: 

[0012] In the case in which the lamp voltage (i.e., dis- 
tance between the electrodes) becomes smaller than 
the normal value, the length of the projection is reduced 
by increasing the discharge arc current which flows be- 
tween the two electrodes, by which the lamp voltage in- 
creases (i.e.. rises). In the case in which the lamp volt- 
age (i.e., distance between the electrodes) becomes 
greater than the normal value, the length of the projec- 
tion is increased by the reduction of the discharge arc 
current. 

[0013] Based on these ideas, in the operating device 
described in U.S. Patent No. 6,545,430 B2, a higher dis- 
charge arc current is allowed to flow if the determined 
lamp voltage Is less than the reference voltage. Further- 
more, the above-described DC/DC converter is control- 
led with feedback such that the discharge arc current is 
reduced when the lamp voltage is higher than the refer- 
ence voltage. Thus, the fluctuation of the lamp voltage 
is suppressed. 

[0014] It can be envisioned that the control of the 
change of the distance between the electrodes by the 
discharge arc current described in U.S. Patent No. 
6,545,430 82 is effective In certain cases. It was, how- 
ever, found that the growth of the projections cannot be 
advantageously controlled. 

[0015] In U.S. Patent No. 6,545,430 82 a higher dis- 
charge arc current is allowed to flow in the case in which 
the determined value of the lamp voltage is lower than 
the reference voltage. Furthermore, the discharge arc 
current is reduced when the value of the lamp voltage 
is higher than the reference voltage. As a result, it was 
however found that the growth of projections cannot al- 
ways be advantageously controlled by this type of con- 
trol. U.S. Patent No. 6,545,430 especially discloses a 
process for two-stage alteration of the discharge cur- 
rent. Since in this control the lamp voltage changes rap- 
idly, as can be imagined, stable maintenance of the lamp 
voltage and of the distance between the electrodes be- 
comes difficult. 

Summary of the Invention 

[0016] Exemplary embodiments of the invention are 
provided to eliminate the above-described disadvantag- 
es in the prior art. An object of the invention is to provide 
a device for operating a high pressure discharge lamp 
in which the lamp voltage and the distance between the 
electrodes of an ultra-high pressure discharge lamp can 



be kept stable, in which a pair of electrodes located in 
a silica glass discharge vessel are separated by a dis- 
tance less than or equal to 1 .5 mm and in which the dis- 
charge vessel is filled with greater than or equal to 0.15 
5 mg/mm^ mercury and bromine in the range of 1 0-^ ^mol/ 
mm^ to 10-2 ^mol/mm^. 

[0017] It has been discovered that in the case of a 
change of the distance between the electrodes by the 
formation of projections on the electrode tip that neither 

10 control of the discharge current nor switching of the op- 
erating frequency in the manner described in U.S. Pat- 
ent No. 6,545,430 82 is effective, but that uninterrupted 
control of the wattage (i.e., discharge wattage) which is 
supplied to the discharge lamp according to the lamp 

15 voltage (i.e., operating voltage) is effective. 

[001 8] In an exemplary embodiment of the invention, 
the discharge wattage of a ultra-high pressure dis- 
charge lamp (hereinafter called the "discharge lamp" or 
simply "lamp") is controlled as follows: 

20 

(i) In the case of a reduction of the operating voltage 
of the discharge lamp, control is exercised such that 
the discharge wattage decreases. At the same time, 
control is exercised such that in the case of an In- 

25 crease of the operating voltage of the discharge 
lamp, the discharge wattage is increased. Control 
of the discharge wattage is carried out with respect 
to the change of the operating voltage without inter- 
ruption. Therefore, the operating voltage of the dis- 

30 charge lamp is determined, the discharge wattage 
is increased according to the increase in the oper- 
ating voltage, without interruption, and the dis- 
charge wattage is reduced according to the reduc- 
tion in the operating voltage, also without interrup- 

35 tion; and 

(ii) The control of the discharge wattage according 
to (i) is carried out in the range from 0.2 WA/ to 1 .0 
WA/. 

40 [0019] In U.S. Patent No. 6,545,430 B2, a higher dis- 
charge arc current is allowed to flow in the case in which 
the determined value of the lamp voltage is less than 
the reference voltage. Furthermore, control is exercised 
such that when the value of the lamp voltage is greater 

45 than the reference voltage, the discharge arc current is 
reduced. Specifically, in Table 5 and in paragraphs 0061 
to 0064 of JP-A-2001-312997 (corresponding to U.S. 
Patent No. 6.545,430) it is shown that the lamp voltage 
has decreased on average to 55.1 V, if a lamp with an 

50 average initial lamp voltage of 61.2 Vat a discharge cur- 
rent of 2.45 A has been operated for 10 hours. The lamp 
voltage is increased on average to 57.4 V if then the 
lamp has been operated at a discharge current of 2.75 
A for 10 hours. 

55 [0020] Since the initial lamp voltage is 61 .2 V and the 
discharge current is 2.45 A, the wattage supplied at the 
start to the lamp is roughly 150 W. The lamp voltage 
decreases within the initial ten hours from 61 .2 V to an 
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average 55.1 V (the distance between the electrodes is 
reduced). The power upon termination of the initial ten 
hours of operation is 1 35 W (average 55.1 V x 2.45 A = 
135 W). 

[0021] The wattage during starting of the next ten 
hours of operation is 1 52 W (average 55. 1 V x 2.75 A = 
1 52 W) (> 1 35 W). The lamp voltage is increased by ten 
hours of operation at a discharge current of 2.75 A to an 
average 57.4 V, The wattage in this instance is 158 W. 
[0022] In U.S. Patent No. 6,545,430 B2 the attempt is 
made in the case of a reduced distance between the 
electrodes to increase the discharge current and the dis- 
tance between the electrodes. From the standpoint of 
wattage, as was described above, the wattage rises 
from 135 W to 152 W if the lamp voltage is to be in- 
creased (i.e., the distance between the electrodes is to 
be increased). 

[0023] As described above, with respect to U.S. Pat- 
ent No. 6,545,430 B2, the discharge current is increased 
when an attempt is made to increase the distance be- 
tween the electrodes. As a result, the discharge wattage 
is increased. In an exemplary embodiment of the 
present Invention, the discharge wattage is reduced 
when the operating voltage of the discharge lamp has 
been reduced (i.e., in the case in which the distance be- 
tween the electrodes has been reduced). Thus, the dis- 
tance between the electrodes is increased. Further- 
more, the discharge wattage is increased and the dis- 
tance between the electrodes is reduced when the op- 
erating voltage of the discharge lamp has been in- 
creased (i.e., in the case in which the distance between 
the electrodes has been increased). 
[0024] It can be assumed that this difference results 
from the difference between the discharge lamp, de- 
scribed in the aforementioned publication, and the dis- 
charge lamp of the present invention, with respect to the 
thermal design of the electrodes and the amount of add- 
ed halogen. In the discharge lamp of the present inven- 
tion, the discharge wattage has a stronger effect on the 
formation of projections than the discharge current. Ac- 
cording to the present invention, the distance between 
the electrodes can be effectively controlled by control- 
ling the discharge wattage. 

[0025] U.S. Patent No. 6,545,430 B2 discloses that 
by increasing the discharge current, the temperature of 
the tip area of the electrode rises, that the length of the 
projection part is reduced and that the lamp voltage Is 
increased. However, the present invention provides that 
when the temperature of the tip area of the electrode 
increases, the lamp voltage rather drops. Since the en- 
try of the tungsten into the gaseous phase increases, 
deposition of the tungsten in the tip area of the electrode 
increases and as a result the formation of the projection 
is accelerated. 

[0026] In accordance with an exemplary embodiment 
of the present invention, the discharge wattage of a dis- 
charge lamp is controlled based on the operating volt- 
age of the discharge lamp. Specifically, the device of the 



present invention includes a voltage detector for deter- 
mining the operating voltage of the discharge lamp, a 
means for computing the wattage, supplied to the dis- 
charge lamp based on the output of the voltage detector 

5 and a current detector, a reference signal generator that 
produces reference wattage signals that change ac- 
cording to the operating voltage determined by the volt- 
age detector, and a comparator which compares the ref- 
erence wattage signals to the computed wattage. 

10 wherein the operating device is controlled based on the 
output of the comparator. 

[0027] It is desirable for the ratio of the change of the 
discharge wattage according to the change of the oper- 
ating voltage (i.e., the slope of the above-described 

t5 wattage setting signal according to the change of the 
operating voltage) in the control of the discharge watt- 
age according to the operating voltage, to be in a range 
from 0.2 \NN to 1 .0 WA/. By setting said ratio to this 
range, the distance between the electrodes can be ef- 

20 fectively controlled. 

[0028] Furthermore, as is described in the following, 
the discharge wattage need not always linearly change. 
Instead, the above-described ratio can be changed ac- 
cording to the value of the operating voltage, if it remains 

25 within the above-described range. Moreover, the watt- 
age setting signal can be kept constant with respect to 
the change of the operating voltage if the value of the 
operating voltage is greater than or equal to a certain 
value, less than or equal to a certain value or within a 

30 certain range. 

[0029] For a more complete understanding of the 
present invention and for further features and advantag- 
es, reference is now made to the following detailed de- 
scription and the accompanying drawings. 

35 

Brief Description of the Drawings 

[0030] Figures 1 (a) & 1 (b) each show a schematic of 
an ultra high pressure discharge lamp in accordance 
40 with an exemplary embodiment of the invention; 

[0031] Figure 2 shows a schematic of one embodi- 
ment of the arrangement of an operating device in ac- 
cordance with an exemplary embodiment of the inven- 
tion; 

45 [0032] Figure 3 shows a schematic of the power con- 
trol curve; 

[0033] Figure 4 shows a schematic of the change of 
the lamp voltage and the lamp wattage during operation 
by the power control (0.66 WN) in one embodiment of 

50 the invention; 

[0034] Figure 5 shows a schematic of another exam- 
ple of the power control curve; 
[0035] Figure 6 shows a schematic of still another ex- 
ample of the power control curve; 

55 [0036] Figure 7 shows a schematic of the change of 
the lamp voltage and the lamp wattage during operation 
by constant power control; 

[0037] Figure 8 shows another schematic of the 
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change of the lamp voltage and the lamp wattage during 
operation by constant power control; 
[0038] Figure 9 shows a schematic of the change of 
the lamp voltage and the lamp wattage during operation 
by power control (0.1 WA/) in one exemplary embodi- 
ment of the invention; 

[0039] Figure 1 0 shows a schematic of the change of 
the lamp voltage and the lamp wattage during operation 
by power control (0.2 WN) in one exemplary embodi- 
ment of the invention; 

[0040] Figure 1 1 shows a schematic of the change of 
the lamp voltage and the lamp wattage during operation 
by power control (1.0 WN) in one exemplary embodi- 
ment of the Invention; and 

[0041] Figure 1 2 shows a schematic of the change of 
the lamp voltage and the lamp wattage during operation 
by power control (1.5 WN) in one exemplary embodi- 
ment of the invention; 

Detailed Description of the Invention 

[0042] Figure 1(a) shows the overall arrangement of 
an ultra-high pressure discharge lamp 10 of the AC op- 
erating type in accordance with a preferred embodiment 
of the present invention. The discharge lamp 10 has a 
substantially spherical light emitting part 11 which is 
formed by a silica glass discharge vessel. In this light 
emitting part 11, there are a pair of opposed electrodes 
1. Hermetically sealed parts 12 are formed such that 
they extend to the two ends of the light emitting part 11 . 
In the hermetically seated parts 12, a conductive metal 
foil 13 which normally comprises molybdenum is her- 
metically installed, for example, by a pinch seal. The 
shaft portions of the pair of electrodes 1 are each elec- 
trically connected to the metal foil 13 by welding. The 
outer lead 14 which projects to the outside is welded to 
the other end of the respective metal foil 13. 
[0043] The light emitting part 1 1 is filled with mercury, 
a rare gas and a halogen gas. The mercury is used to 
obtain the necessary wavelength of visible radiation, for 
example for obtaining radiant light with wavelengths 
from 360 nm to 780 nm, and is added in an amount of 
greater than or equal to 0.1 5 mg/mm^. During operation, 
this added amount achieves an extremely high vapor 
pressure of greater than or equal to 150 atm depending 
on the temperature condition. By adding a larger amount 
of mercury, a discharge lamp with a high mercury vapor 
pressure during operation of greater than or equal to 200 
atm or greater than or equal to 300 atm can be pro- 
duced. The higher the mercury vapor pressure the more 
suitable the light source can be implemented for a pro- 
jector device. 

[0044] The rare gas contributes to improving the start- 
ing property and. . for example, roughly 13 kPa argon gas 
is used as the rare gas. 

[0045] The halogens employed with the present in- 
vention can be iodine, bromine, chlorine and the like in 
the form of a compound with mercury or another metal. 



The amount of halogen added is selected from the range 
from 10-® nmol/mm^ to 10-2 ^mol/mm^. The halogen is 
intended to prolong the service life using the halogen 
cycle. For an extremely small discharge lampwitha high 

5 internal pressure, as in the discharge lamp of the 
present invention, the main objective of adding this hal- 
ogen is to prevent devitrification of the discharge vessel. 
[0046] The numerical values of the discharge lamp 
are shown by way of example below. 

10 [0047] They are. for example, as follows: 

the maximum outside diameter of the light emitting 
part is 9.5 mm; 

the distance between the electrodes is 1.5 mm; 
15 - the inside volume of the arc tube is 76 mnni^; 
the nominal voltage is 80 V and 
the nominal wattage is 150 W. 

[0048] The discharge lamp 1 0 is operated using alter- 

20 nating current (AC). The discharge lamp can be located 
in a projector device which is as small as possible. On 
the one hand, the overall dimensions of the discharge 
lamp are extremely small, and on the other hand there 
is a demand for more light. The thermal effect within the 

25 arc tube portion of the lamp is therefore extremely large. 
The value of the wall load of the lamp is 0.8 W/mm^ to 
2.0 W/mm2, specifically 1 .5 W/mm^. 
[0049] Radiant light with good color reproduction can 
be obtained by such a high mercury vapor pressure and 

30 such a high value of the wall load in the case of instal- 
lation in a presentation apparatus such as the above- 
described overhead projector, or the like. 
[0050] On the electrode tip, as shown in Figure 1(b). 
a projection la is formed. Behind the spherical part of 

35 the electrode tip a coil 1 b is provided. This coll 1 b is used 
for the operating starting property and for heat radiation 
in steady-state operation, and is preferred in the inven- 
tion, but not essential. 

[0051] Figure 2 shows one embodiment of the ar- 

40 rangement of an operating device (i.e., feed device) of 
the invention. Figure 2 shows one example of the ar- 
rangement of the operating device for controlling the il- 
lumination wattage according to the operating voltage. 
[0052] In Figure 2, reference number 100 represents 

45 the operating device which comprises a switching part 
101 , a full bridge circuit 102 and a control element 103. 
Control element 103 controls switching part 101 and the 
full bridge circuit 102. The full bridge circuit 102 includes 
switching devices S2 to S5 that convert the DC power 

50 of the switching part 101 into AC power using rectangu- 
lar waves. The switching part 101 controls the wattage 
by pulse width control of the switching device SI . 
[0053] A transformer TR1 for starting is series con- 
nected to the discharge lamp 10. 

55 [0054] A capacitor C3 is parallel-connected to the dis- 
charge lamp 10 and the transfomner TR1. Alternating 
current (AC) waves having a rectangular shape from the 
full-bridge circuit 102 are supplied to the series connec- 
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tion of the discharge lamp 10 and the transformer TR1 « 
thereby operating the discharge lamp. The circuit which 
consists of the discharge lamp 10, the transformer TR1 
and the capacitor C3 can also be known as "discharge 
lamp circuit". s 
[0055] The switching part 101 includes the capacitor 
CI , the switching device S 1 that carries out the switch- 
ing operation by the output from the control element 1 03. 
a diode D1, an inductance L 1 and a smoothing capac- 
itor C2. The ON/OFF ratio of the switching device S 1 is io 
controlled by a pulse width modulator (PWM) 25 of the 
control element 103. Via the full-bridge circuit 102, the 
wattage supplied to the discharge lamp 10 (i.e., the dis- 
charge wattage) is controlled. To determine the current 
which is supplied by the switching part 101 to the dis- is 
charge lamp 1 0, a resistor R1 is employed to determine 
the current between the switching part 101 and the full- 
bridge circuit 102. The full-bridge circuit 102 includes 
the switching devices S2 to S5 which comprise a tran- 
sistor or a FET that are connected like a bridge, and of 20 
diodes D2 to D5 which are connected anti-parallel to the 
switching devices S2 to S5. The switching devices S2 
to S5 are driven by the full bridge driver circuit 22 which 
is located in the control element 1 03. A discharge lamp 
1 0 is operated by supplying an AC current with rectan- 25 
gular waves. 

[0056] Thus, the switching devices S2, S5 and the 
switching devices S3, S4 are turned on in alternation, 
AC waves with a rectangular shape are supplied to the 
discharge lamp 10 in the line path as follows: switching 30 
part 101 switching device S2 discharge lamp 10 
-> switching device S5 switching part 101 , and in the 
line as follows: path switching part 101 -> switching de- 
vice S4 -> discharge lamp 10^ switching device S3 
switching part 101 to thereby operate the discharge 35 
lamp 10. 

[0057] The control element 1 03 has a full bridge driver 
circuit 21 that produces driver signals for the switching 
devices S2 to S5. Furthenmore, the control element 103 
has a multiplication device 22 and a reference wattage 4o 
signal generator 23. The reference wattage signal gen- 
erator 23 outputs reference wattage signals [Wref = F^ 
(V)] that correspond to the voltage, (i.e., operating volt- 
age V) on the two ends of the capacitor C2. The multi- 
plication device 22 multiplies the lamp current which has "fs 
been determined by the resistor R1 for determining the 
current by the lamp voltage (i.e.. operating voltage) and 
computes the wattage supplied to the discharge lamp 
10. 

[0058] The comparator 24 compares the wattage so 
computed by the multiplication element device 22 to the 
reference wattage signal. Wref. that is output by the ref- 
erence wattage signal generator 23 and sends the com- 
parison result to the PWM 25. The PWM 25 produces 
pulse signals with a duty, at which the above-described 55 
wattage and the value of the reference wattage become 
the same, and subjects the switching device SI to PWM 
control. 



[0059] Using the operating device of this embodi- 
ment, the wattage supplied to the discharge lamp (i.e., 
discharge wattage, also called lamp wattage) is control- 
led In the manner described below. Based on the voltage 
(I.e., operating voltage) on the two ends of the capacitor 
C2 and based on the voltage on the two ends of the re- 
sistor R1 for determining the current, the multiplication 
device 22 computes the power supplied to the discharge 
lamp 1 0. The voltage signal, which is proportional to the 
wattage computed by the multiplication device 22 and 
supplied to the discharge lamp 10, and the reference 
wattage signal Wref, which is produced by the reference 
voltage signal generator 23 according to the above-de- 
scribed operating voltage and is proportional to the dis- 
charge wattage to be achieved, are sent to the compa- 
rator 24. The output voltage of the comparator 24 is input 
into the PWM part 25 which subjects the switching de- 
vice SI to pulse width control. The PWM part 25 carries 
out pulse width control of the switching device SI such 
that the output voltage of the comparator 24 reaches ze- 
ro. The output of the circuit 101 is input into the full 
bridge circuit 102, in the full-bridge circuit 102 Is con- 
verted into AC waves with rectangular shape and sup- 
plied to the discharge lamp 1 0. As a result the wattage 
which is to be reached and which corresponds to the 
operating voltage Is supplied to the discharge lamp 1. 
[0060] Figure 3 shows one example of the control 
curve of the wattage produced by the reference wattage 
signal generator 23. In Figure 3, the X-axis plots the 
lamp voltage (V) and the Y-axis plots the lamp wattage 
(reference wattage signal Wref). In this embodiment, as 
shown by the solid line in Figure 3. according to the 
change of the lamp voltage V the lamp wattage was 
changed linearly with a ratio of 0.66 WA/. The broken 
line in Figure 3 is a control curve of the wattage In the 
case of a constant power control. 
[0061] As is shown in Figure 3. when the lamp voltage 
is increased the lamp wattage increases accordingly 
without interruption, and when the lamp voltage de- 
creases the lamp wattage is accordingly reduced with- 
out interruption. In this way. it Is possible to keep the 
distance between the electrodes constant, even If pro- 
jections are formed on the electrode tips of the lamp 10. 
[0062] Figure 4 shows the change of the lamp voltage 
(V) and the lamp wattage (W) in the case of control of 
the lamp wattage using the above-described control 
curve of wattage. Here the X axis plots the running time 
(h), reference letter A represents the lamp voltage and 
reference letter B labels the lamp wattage. Figure 4 
shows the state of the illumination wattage and the op- 
erating voltage of the discharge lamp for roughly 100 
hours of operation of a discharge lamp with nominal val- 
ues of 200 W and 70 V by power control (0.66 WA/, il- 
lumination frequency 150 Hz). Figure 4 shows that the 
lamp voltage V Is controlled within the range of roughly 
70 ± 1 0 V. The reason for the discontinuous curves of 
lamp voltage and lamp wattage In Figure 4 Is operation 
of 2 hours and 30 minutes of power with thirty-minutes 
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of no power were carried out, similar to normal use. Fig- 
ure 4 additionally shows that by controlling the lamp 
wattage according to the tamp voltage the lamp voltage 
remains constant (i.e.. that the distance between the 
electrodes is controlled to be constant even when pro- 5 
jections form on the electrode tips). 
[0063] Figure 5 shows an example of the power con- 
trol curve in the case In which the given lamp voltage is 
70 V and that the lamp wattage is changed linearly ac- 
cording to the lamp voltage with the same ratio of 6.6 io 
W/10V as in Figure 3. In Figure 5, the upper boundary 
value of the wattage (220 W in Figure 5) is fixed to avoid 
deterioration of the lamp by an overly large lamp watt- 
age. Furthennore, the lower limit of the wattage (for ex- 
ample 1 80 W) can be fixed in order to ensure a minimum is 
light intensity. 

[0064] Figure 6 shows an example of the power con- 
trol curve In the case of a slow rate of change of the lamp 
voltage. As is shown in Figure 6, in the case of a low 
rate of change of the lamp voltage, power control can 20 
also be exercised such that in the vicinity of the given 
voltage, a constant wattage is achieved. The range to 
maintain constant wattage is, for example, roughly ± 10 
V of the value of the given voltage. Furthermore, as an- 
other power control curve, power control depending on 25 
the property of the rate of change of the lamp voltage 
cannot be carried out in the above-described linear 
manner, but In the manner of curve. 
[0065] Specifically, if the rate of change of the lamp 
voltage is low in the vicinity of the given voltage, gentle 30 
power control can be exercised. Furthermore, in the 
case in which the given voltage is exceeded, the lamp 
voltage increases in an accelerated manner. At greater 
than or equal to the given voltage, a power control curve 
can also be used which runs convexly up. If the lamp 35 
voltage decreases in an accelerated manner under the 
certain voltage, a power control curve can also be used 
which runs convexly down. These power curves can be 
provided with at least one of an upper boundary or lower 
boundary of the lamp wattage for the same reason as 40 
above. Moreover, the power control curve can be 
formed by a combination of both a linear part and a 
curved part. 

[0066] In order to compare to the above-described 
embodiment, the change of the lamp voltage by conven- ^5 
tional operation using a wattage which stays the same 
is provided. 

[0067] Figures 7 & 8 show the change of the lamp volt- 
age in the case of 100 hours of operation. In Figures 7 
and 8 the X axis plots the running time (h) and the Y axis so 
plots the lamp voltage. Figures 7 and 8 show the states 
of the operating voltage of the discharge lamp in the 
case of constant control of the discharge lamp with nom- 
inal values of 200 W and 70 V to a lamp wattage of 200 
W and the illumination frequency of 1 50 Hz in the same 55 
manner as Figure 4. Here, as in Figure 4, operation of 
2 hours and 30 minutes and thirty-minutes off were car- 
ried out. 



[0068] Figures 7 & 8 show that the lamp voltage on 
the whole showed a rising trend (Figure 7) or a falling 
trend (Figure 8) and after 100 hours reached 110 V or 
50 V. Again as described above, the reason for the dis- 
continuous curves of the lamp voltage is due to opera- 
tion of 2 hours and 30 minutes with thirty-minutes of no 
power. 

[0069] Next, the areas of the slopes of the power con- 
trol curves (Figure 3, Figure 5. Figure 6) are provided in 
which the distance between the electrodes can be ef- 
fectively controlled. A test was run using the high pres- 
sure lamp in which the ratio of the change of the illumi- 
nation wattage was changed with respect to the lamp 
voltage and the change of the lamp voltage and the re- 
lation of the numerical values to the lamp voltage were 
reviewed. The lamp used in the present embodiment of 
the invention is an ultra-high pressure mercury lamp in 
which the lamp input wattage is 200 W. the normal volt- 
age is 70 V and the normal arc length is 1 mm. The inside 
volume is 100 mm^, the amount of added mercury per 
unit of volume is 0.25 mg/mm^ and the amount of the 
added bromine is 6 x 10^ ^mole/mm^. 
[0070] In the test In cases in which the illumination 
wattage with respect to the lamp voltage is changed lin- 
early with ratios of 0.1 WA/. 0.2 WN. 0.6 WN (described 
in Figure 4), 1 .OWN and 1 .5 WN, the change of the lamp 
voltage was studied. The illumination frequency In all 
cases is 150 Hz. The results in cases of changes with 
the above-described ratios of 0.1 WA/, 0.2 WN, 1.0 WN 
and 1.5 WN are shown in Figures 9 to 12. 
[0071 ] The change of the illumination wattage with the 
ratio of 0,1 WA/ (Figure 9) is essentially Identical to op- 
eration with uniform power, (i.e., the lamp voltage has, 
for the most part, a rising trend and the lamp voltage 
cannot be controlled). The changes of the illumination 
wattage with the ratios of 0.2 WN, 0.66 WN, and 1 .0 WN 
(Figure 10, Figure 4, Figure 11) show that the fluctuation 
range of the lamp voltage, for the most part, becomes 
larger. However, In any case, the lamp voltage can be 
controlled to roughly 70 V. (i.e., essentially to the given 
value). 

[0072] In the case of changing the illumination watt- 
age with a ratio of 1.5 WA/ (Figure 12) there is a large 
fluctuation range of the lamp voltage. When a high lamp 
voltage is reached, the result Is that an unduly large Il- 
lumination wattage (roughly 230 W) is introduced. This 
can cause premature degradation of the lamp. 
[0073] Based upon the above-described results, the 
desired ratio of the change of the illumination wattage 
with respect to the lamp voltage is in the range from 0.2 
WNto 1.0 WA/. 

[0074] As described above, the following can be ob- 
tained in accordance with exemplary embodiments of 
the invention: 

(1) In a device for operating a high pressure dis- 
charge lamp comprising a discharge lamp, wherein 
the discharge lamp further comprises a silica glass 
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discharge vessel housing a pair of opposed elec- 
trodes separated by a distance that is less than or 
equal to 1.5 mm, wherein the discharge vessel is 
filled with atleastO.ISmg/mm^of mercury, and bro- 
mine in the range of 10-® ^mol/mm^ to 10-2 j^mol/ 
mm^, a feed device supplies an alternating current 
to operate to the discharge lamp and controls the 
discharge lamp such that a reduction of the operat- 
ing voltage of the discharge lamp causes a reduc- 
tion In the discharge wattage and an increase In the 
operating voltage of the discharge lamp causes an 
increase in the discharge wattage, and the control 
of the discharge wattage is carried out without in- 
terruption with respect to the change of the voltage. 
In this way, the lamp voltage and the distance be- 
tween the electrodes can be kept constant 
(2) tn a preferred embodiment, the ratio of the dis- 
charge wattage relative to the operating voltage is 
maintained in a range from 0.2 WA/ to 1 .0 WA/. 



Claims 

1. Device for operating a high pressure discharge 
lamp comprising: 

a discharge lamp, wherein the discharge lamp 
further comprises: 



sel housing a pair of opposed electrodes separated 
by a distance that is less than or equal to 1 .5 mm, 
is filled with at least 0.15 mg/mm^ of mercury, and 
bromine in the range of 1 0 ® nmol/mm^ to 10-2 ^mol/ 
5 mm^; comprising the steps of: 

using a feed device to supply an alternating cur- 
rent to operate the discharge lamp and to con- 
trol the discharge lamp such that a reduction of 
10 the operating voltage of the discharge lamp 

causes a reduction In the discharge wattage 
and an increase in the operating voltage of the 
discharge lamp causes an increase in the dis- 
charge wattage, the control of the discharge 
15 wattage being carried out without interruption 

with respect to the change of the voltage. 

5. The process of claim 4, wherein the control of the 
discharge wattage is perfomned so as to maintain a 

20 rate of change of the discharge wattage in a range 
from 0.2 WN to 1 .0 WN. 

6. The process of claim 4 or 5, wherein the altemating 
current is supplied with a rectangular wave form.' 

25 



10 



15 



a silica glass discharge vessel housing a 30 
pair of opposed electrodes separated by a 
distance that is less than or equal to 1.5 
mm, wherein the discharge vessel Is filled 
with at least 0.1 5 mg/mm^ of mercury, and 
bromine in the range of 10-® ^mol/mm^ to 35 
10-2 ^mol/mm3; and 

a feed device that supplies an alternating 
current to operate the discharge lamp, 
wherein the feed device controls the dis- 
charge lamp such that a reduction of the 40 
operating voltage of the discharge lamp 
causes a reduction in the discharge watt- 
age and an increase in the operating volt- 
age of the discharge lamp causes an in- 
crease in the discharge wattage, and 4S 
wherein the control of the discharge watt- 
age is camed out without interruption with 
respect to the change of the voltage. 



2. The device of claim 1 , wherein a rate of change of so 
the discharge wattage is maintained in a range from 
0.2 WA/to 1.0 WA/. 



3. The device of claim 1 or 2, wherein the altemating 
current further comprises rectangular waves. ss 

4. Method of operating a high pressure discharge 
lamp which comprises a silica glass discharge ves- 
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Fig. 1 (b) 
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Fig. 4 
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Fig. 10 
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(57) Alternating current with rectangular waves Is 
supplied from an operating device to an ultra-high pres- 
sure discharge lamp in which located within a silica 
glass discharge vessel is a pair of opposed electrodes 
separated by a distance of less than or equal to 1 .5 mm. 
A discharge vessel is filled with greater than or equal to 
0.15 mg/mm^ mercury and bromine In the range of 10-^ 
nmol/mm^ to 10-2 jimol/mm^. In the operating device, a 
multiplication device computes the discharge wattage 
supplied to the discharge lamp and controlled so that In 
the case of a reduction of the operating voltage of the 
discharge lamp the discharge wattage is reduced, and 
that in the case of an increase of the operating voltage 
of the discharge lamp the discharge wattage is in- 
creased. 
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